( 123 )

V. Report of Progress in Pedigree Moth-breeding to Dec.
Tth, 1887, with observations on some incidental
points. By Freperic Merririewp, F.E.S.

[Read December 7th, 1887.]

Prate V.

It will rest with Mr. Francis Galton to describe at the
proper time and place the results of the experiments in
pedigree moth-breeding which I have commenced for
him, if they should be carried to a successful conclusion ;
but in the meantime I am encouraged by him to write a
sort of report of the progress hitherto made, and I think
it is possible that the facts already observed may throw
light on some points that are frequently subjects of
inquiry and discussion in entomological and other
periodicals. There are many of these points on which
I have noted facts that may hereafter prove useful; but
there are not many on which the observations made have
been carried far enough to justify me in occupying the
Society with them, and as to these I bring them forward
partly in the hope of receiving suggestions from investi-
gators qualified to offer them by scientific training and
a lengthened experience, to neither of which I have any
claim.

Having obtained an abundant supply of S. illunaria
(bilunaria of the ‘Entomologist’ list) much earlier than
of S. illustraria (tetralunaria of that list), I was led to
try more experiments with the former than I had at first
intended. I determined, in particular, to try the effect
of foreing, partly in the hope that if success attended
these efforts the period necessary to obtain pedigree
results would be much shortened, and partly because
I thought it would be interesting to know the effect that
would be produced by forcing a rapid succession of short
generations on an insect which in the natural state has
in temperate climates only two generations, one covering
four or five months mostly warm, the other seven or
eight months mostly cold, each of these naturally
alternating broods presenting such differences in size,
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colour, depth of hue, and, it is alleged, form, that until
one was bred from the other the two were considered
distinet species.

In describing my experience with the several groups
successively experimented on I begin with those brought
up under conditions most nearly resembling natural ones,
as they will afford a convenient standard of comparison
with such as were reared under more artificial circum-
stances. I therefore commence with those illunaria
which were ‘“sleeved ” on growing trees. I am inclined
to think that—except in the favourable circumstance
that they were more effectually protected from enemies—
the sleeved larve differed so little in their surroundings
from wild-bred ones that they may be taken as fairly
representative of the latter. I should, however, mention
that there was one period of their lives during which
nearly all the sleeved insects were subjected to a higher
temperature than the natural one. In order to bring the
moths out as closely together in point of time as possible,
when the first moth appeared, the remaining pupz were
at once put into the forcing-box. I am nof sure that this
was necessary, especially with the summer brood of
moths, for my experiments lead me to think that healthy
individuals of this species, if kept in the dark, will live
for ten days and more in summer, and for two or three
weeks or more in colder weather, without any impairment
of their functions, and only in rare instances will flutter
so as to damage the tips of their wings enough to prevent
convenient measurement.

Some preliminary explanations are necessary as to
general treatment, and as to the sense in which I have
used various expressions. My reason for being a little
particular in these explanations is that any value such
experiments as I am describing may possess depends
entirely on a knowledge of the conditions under which
they were tried. I have not knowingly burdened the
narration with any statements, except such as seem to
have some bearing or possible bearing on the results
obtained. By ‘““eggs,” unless otherwise specified, I mean
Jertile eggs ; and by the expression ‘“fertile,” as applied
to the Selenias, I mean such as turn red, though many
that go through the red stage and even the black one,
which indicates that the young dark-skinned larva has
been fully formed, often fail to hateh. As to the expressions
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‘“larval” and “pupal” periods, I must explain that I
found it impossible to observe, except on a few occasions,
the actual date of pupation which, barring accidents,
takes place inside a leaf carefully sewn together. But
with the daily or almost daily, however brief, observation
I was able to give, it was easy to see pretty well when a
larva began to spin up, and consequently I have taken
that time as the dividing line between the larval and the
pupal periods. I found on several occasions, when the
pupal period as thus defined lasted but eight or nine
days, the larva remained in an unchanged condition for
two days and more.

In my record I have found it expedient to note the
period when ‘“nearly all” had, as larvae, spun up (i. ¢,,
begun so to do), or, as moths, had emerged, because
some 4 or 5 per cenf., more or less, generally lagged
behind the rest, from weakness of constifution I rather
think. Excluding these laggards, I think the largest
individuals of a brood were mostly to be found among or
in point of time near to those that were longest in feeding
up, and consequently in emerging. About 5 per cent. of
the loss in my larvee after I had first counted them after
hatching may, I think, be ascribed to casualties, such
as being squeezed or snipped or accidentally lost.

The pupz were in all cases taken out of their cocoons
and placed each in a separate chip box covered with
black net, which was leld in position by the rim of the
lid, from which its top had previously been removed.
These boxes stood on wire trays in crates and as the moths
emerged were moved to crates kept dark by zinc covers
standing in the cool room described later, near the
window, almost always kept open, the sexes being in
separate crates. I generally found the moths, especially
llunaria, “out” when I came into the room in which
they were kept, about 7.80 or 8 a.m., but some, perhaps
20 to 40 per cent., would come out during the day,
ravely after 5 p.m. There is a very great difference
between illunaria and tllustraria in the resting position.
The former rests with wings folded closely together over
its back, as butterflies do. Illustraria, on the other hand,
rests with the anterior edges of its fore wings at an angle
of 60° or so to each other, the wings being all very much
curved and the folds in them very wavy, and the abdomen
brought into line with them, so that the insect has
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somewhat the appearance of a curled leaf with the con-
cave side upwards. It would be interesting to know the
position in which the other English species of the genus,
viz., S. lunaria, rvests. At first I fed the moths from
little pieces of sponge dipped in very thin syrup, but I
gave this up, as it seemed to promote mouldiness, and I
do not think the moths lived any the longer for it. I never
saw them feed, but had little time for watching them.
When “nearly all”’ the moths had emerged they were
measured on their under sides, the wings being folded
together over their backs. The length of the fore wing
was measured from its tip or extreme anterior point
(B in Mr. Galton’s figure, ante, p. 22). The other or
shoulder extremity is not so easily ascertained or
described, and at first the search for it gave me some
difficulty ; but after a certain amount of practice I found
that when a strong light fell obliquely along the wing in
the direction from the tip towards the shoulder, it
brought out a little dark transverse crease, in some
cases shorfened almost to a point, between the root of
the hind wing (which, viewed from the under side, of
course overlies the fore wing) and the body, and this
crease I made my other terminus, taking the precaution
of always laying the insect to be measured in the same
position. This was done by fastening on the surface of
a sheet of cork two strips of the same at about five-eighths
of an inch apart, so as to leave a shallow flat groove of
that width between them, and laying the moth on its
side in this groove, a thin wedge of wood sheathed with
zine being pushed along the groove so as to support the
wings, especially their outer edges, and the wings being
held down with the usual cork setting-bristle. A pair of
screw-compasses was then taken, one leg fixed on the
zine at the tip of the fore wing that lies uppermost, the
other leg adjusted to the crease by turning the screw,
and the length was marked off on a millimetre scale.
The habit of the Selenias to bend their wings backwards
when at rest facilitated the task, but I found chloroform
indispensable ; applied in the form of vapour by a few
drops on blotting-paper under a bell-glass just long
enough to produce insensibility, it did not seem to hurt the
insects in any way. The use of a pair of spectacles strong
enough to bring my eyes to see clearly at five or six
inches distance from the object was sufficient to enable
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me, as I judge, to estimate differences amounting to the
tenth of a millimetre, and I do not think all sources of
error taken together would much exceed a quarter of a
millimetre. It was not, however, until atter I measured
my sleeved illunaria on the 22nd July that I attained
to this amount of accuracy, and therefore my earlier
measurements must be taken as only approximate; but
I think the generel results are not far wrong. I should
add that the ““crease” cannot always be found, especially
where the moth is very hairy; experience will tell the
observer where it should be, and if the same person
always measures, not much addition need be made to
the percentage of error on account of the absence of the
‘“crease.” All measurements are of one wing only, so
that the ‘‘expansion of wings” would be double the
measurement given, plus about 85 mm. for the width of
the body between the wings at the point measured. The
‘“ expansion of wings,”’ however, measured from tip to tip
of a moth set in the English fashion, would be about
1 mm. less than double the expansion of the single wing,
owing to the inclination downwards and forwards.

After the moths had been measured, they were paired
off in cylindrical muslin bags kept open by wire frames,
each about 8 or 9 inches by 5; these bags, except where
otherwise stated, were kept on a shelf outside the window
of a cool room facing W.N.W., and protected from heavy
rain; and there the moths laid their eggs, generally
scattered over the muslin, and preferably in folds. I
gave up inserting sprigs of the food-plant, as I found
they rarely took any notice of them. The eggs, which
will bear rough handling, were detached by hand or by
the back of a knife, &ec.

Nearly all the facts recorded are from my own personal
observation, as I did not leave home for more than three
or four days at a time, except during the last ten days
of September and less than a week at the end of October,
and on these occasions I had an efficient locum tenens,
who had acted as my assistant at other times.

I have a more or less full record in most cases of the
number of eggs laid, the number hatched, the number
of moths that pupated and of moths of each sex that
emerged, with dates and measurements, all of which may
be useful for reference before the experiments are brought
to a close, and which will, I hope, be dealt with by
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Mr. Galton, so far as they bear on his studies in heredity.
In this paper I propose only to give a résumé of facts
observed in the different broods, for the information of
those who are interested in investigations of this nature.
All the moths have been preserved, and are labelled, and
I have brought with me some specimens of the various
broods. It will be seen that in the case of the forced
wllunaria I have had to do with as many as five successive
generations in the year. In speaking of a ‘‘ generation”
or “brood ” I reckon it as beginning with the egg; in
this sense I have had to do with the first generation only
in its latest, winged, stage. It is proper to remember
that the succession of broods would have been still
more rapid than it has been had I paired off the moths
as soon as I had a couple; the delay necessary for
making a selection added about a week of time. I have
had actual experience of the following periods—egg
7 days, larva 16 and pupa 8 days, pairing and laying
2 days, total 83 days; and I am satisfied that it would
be possible to run a generation through from egg to egg
in 35 days.

I exhibit a diagram,* which will be a guide to the
observations that follow, and will save much detailed
description. It shows the connection of all the broods
reared, and marks the extreme duration of life in the
egg, larva, and pupa, and the duration of life in the
moths from the time that the first appeared until the
selection was made for breeding from. The moths so
selected generally lived from 7 to 14 days; the others.
were killed and preserved.

Tae EXPERIMENTS WiTH S. ILLUNARIA.—The spring of
1887 was, as all will remember, a singularly cold and
backward one. No dllunaria were taken for me till 12th
April. I bred from two females taken near Brighton on
the 29th April and 2nd May respectively by Mr. A. C.
Vine, who kindly gave them to me, and from two females
taken on the 2nd Mayin the New Forest by Mr. Charles
Gulliver, of Brockenhurst. They laid from 48 to 133
eggs each. Some of the eggs laid by them were used
for preliminary trials. There were 271 left. I divided
each of the four batches into three, and, mixing together
one-third from each batch, obtained three lots of 90, 90,

# See Plate V.
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and 91 eggs for sleeving, bottling, and forcing re-
spectively.

SLEEVED ILLuNaRIA.—DPreliminary. — The eggs were
placed in sleeves on young birch-trees not exceeding
three feet in height. Though the trees were only
planted last December they were in so good a condition
for moving, and were so carefully removed, that the
summer foliage seemed scarcely checked by the opera-
tion. My back garden, in which they were planted, is a
cool one, shaded by a tall house on the I.S.K., and by
a wall of five to six feet along the S.S.W. side, and the
trees were mostly planted very near this wall. At mid-
summer they received no sunlight except between 10.80
and 1.30, and during most of this interval it was
partial. These retarding conditions were perhaps some-
what counteracted by the protection afforded by the
sleeve from wind and from all but heavy rain. The
sleeves were made of ‘‘Victoria lawn,” kept from
collapsing by three split cane-rings sewn in. There
can be no doubt that sleeving is the least troublesome
way of feeding larve that require no earth; the only
trouble T have found is in shifting them while young
from one sleeve to another, but any loss in the process
was prevented by spreading a slit newspaper on the
ground below. My provision of growing leaves being
small, I frequently supplemented it with fresh-cut twigs
of birch, willow, or occasionally rose, dropped into the
sleeve. Both tllunaria and illustraria are very accom-
modating feeders; they will eat most forest-trees and
shrubs, including brambles, and will also eat evergreen
honeysuckle (L. brachypoda), the variegated Japan
honeysuckle, and the smail-leaved evergreen Cotoncaster;
and three or four out of a score survived a diet of ivy.
Mine seemed to prefer sillow to everything else. When
autumn came they appeared to like the leaves that were
beginning to turn yellow as much as those that were
still quite green. In the autumn my supply of growing
tfoliage became exhausted, and, when the larve had
mostly entered on their last skins, I moved them into
breeding-cages : these had glass tops and ends, and
finely perforated zine sides, and the food in them stood
in bottles of water. Little as the ventilation was I
found that in the dry weather, of which we had so much
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lngh guommer and aatuon, the foed in thenr driod ap
very rupidly, nod 1 provided the sides with coverings of
vivenished  pupee. e elfeet of Lheso was that water
nsindly stood in dvops uhoub the gluss inside wid gone-
bitnen i down tho sides, bhul the luevie seemed none
bl worno for this.  The dwirl sleoved Lroos were pro-
lected frow bieds, &e., by o eylinder of 4-in. wire-
nobbiog, with o hinged top of the swme, and from slugs
by nnconter ring mde of e strip of porforated zine 6 in.
wide, winy glugs witliin o ving boinge ennghd by greased
enbbage-denves,  When any fiest sleoved  brood  was
vonrced [ pad the g ia Cho sloove to hatel, hob T aftor-
wirds ndopted the plon of hatehing them indoors, nnd
publing the young lurvie in tho sleeve when w fow days
old. 1 judged it best nob Lo erowd togethor young v
of dilforont wees; 1w nol sueo Lo larger oues do not
under such ciremustnnees gomobimes cut tho libtlo ones.
By the timo thoy lave chunged thoir seecond sling no
naturndly solitiey lurvie cun bo maore Lolorunt towards
ono nnother. Having mndoe theso oxplanations, 1 will
shovtly describo whad lappenod o oneli sieeossive broad,
reforving aluo to Lhe bl statomont wppeaded.
Second geweration (fest summer hrood), — From thoe
D0 egen T renved S made und 28 fomale moths, together
67, nono of them heing evipples. Tho exgs wero rathor
Jore than threea weoks badehing ;. tho Turval  poriod
nvernged 88 duyn s the papul period of the fiest maoth
Lk crerged was 18 duys, Thoe pupoe wera {oreed from
the Ginne the fiesh woth wppeaved — 1500 July —and the
st como ont 2500 Jaly. Muy wnd tho ewrly porl of
June woro very cold and dey. 1 paived oft 9 couplos,
T of which Tuid fectilo ogges. 1 bred fron Lhe lurgesh pair
(A) womedinm-sized paiv (M) wnd the saadlest puiv (7).
Third geaeration (N1, MG 7000 "These eogs Tidehed
in 7 or Bdays; tho luevie avorngod 50 Lo 60 doys in
feeding up. 1 hinve obfuined feom them tho following
pupie, now passing tho winter onb ol-doors, of AL, 101 ;
of ML, G of 201, 60, Ax tho sleeved food wag in
dangor of falling shorl, on the 134 Seplomber, wlen
fow were beginning to spinc ap, 1 ransfereed tho lnrvio
from e sleeves to breading enges s and on the 15th
October theso hreeding enges were hrought indoors 1o
lnery on the vemaining lnevie before their food-supply
should fuil. A were i pipa by tho 266h October.
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Bovrven LunoNania.— Secoud gewevalion.—'T'heae wero
brought up on cot food iy Bordeaux plam bottles, covesed
with mmusling plate-glass heing laid over the top and slid
awiry when the maistare inside the gliss wis excessive.
The 90 copn were Wiree weeks in batciing ; the lrval
peviod nyernged 30 or 51 duys, the pupal 14 dnys, |
bred 31 miades nnd 82 feinnles, together 635 no cripples.
They were digtinetly Jarger than the gleeved ones,
When the barvie were aboud, hadf-grown (on 18th June)
Ftennsferved hadf of them fo an outdoony hyeeding-cnge,
1"hes only difference § found o the moths so bresbed wis
thiad they were about, twa diys Jater, nnd were ginller,
ric., the e averaged 1760 justend of 1770, the
females 19°00 instead of 19°50,  'The wenther wos go
wartn st of the Lime thad Wherve conld have been litble
difference in Lewperature hetween the two batehen ; hot
it wan very dry weather out-of-doors, while i {he
Lottles o moigt sbmosphere provailed.  § did not hink
1t neecssary Yo continue this hyood.

Forcen Luuoraria.—Prelopinary.—''he foreing baxes
were bwa, theiy ingide dimensions ahont 2747 by 17 87,
wnd 2 in depth. They were of wood, with gluzed lidy
vt onoa slight inclination fmwn.nrlu, aned ventilation
sauprhile of l;f:m,l, cloged, wnd were warmed ud the bottom
by . zine cigtern, under which wis o gps-jot. One i
plags aleo in fraont wpd partielly ab the eods.  The
temperature was generally from 707 to 80”7 Fubr., Lt
aceasionally (more especially when the sun ehone into
the roon in the sfternoon) it rose to 907, and sooetives
af, night it (ell to 60" o the sommer i was generally
some VA7 higher than the aiv of the room.  Until the
bwrva: weve about hall-grown, and sometimes Lill they
had gpun ap, the forced Jarvie were brought up on ent
food in boltles, or clpe in ghws cylinders boving n
sloping sheet of aonslin ab the hottom, with o hole i it
for the neck of w bottle containing foud.  When half-
grown they were gencrally transferved to brecding-enges
placed in the forcing-hox ; in both cnper Ahe nbimosphere
was guite no ol one. The forcing did oot begin il
28th Muy, when the cggy laid Ly the wild-byed moths
wiere on e poind, of hatehing,

Second qeweralio. Frowm the 91 cupn | renred 25
male and 55 female woths, together 585 no cyipples.

2



132 Mr. F. Merrifield’s Report of Progress in

The hatehing (not forced) lasted about 3 weeks, the
larval period 18 or 20 days, the pupal 8 or 10 days.
The moths were larger than the sleeved ones, but not so
large as those that were bottled. On 8rd July I paired
off two of the largest (A), 5 of medium size (M), and
2 of the smallest size (Z); and from all of these, except
one M and one Z, I had fertile eggs, which I bred from
as follows :—

Third generation (eggs not placed in the forcing-box
till earliest of them about to hateh).—The 8 broods did
not vary much in their rate of progress—the M’s were
2 or 3 days behind the A’s, the Z’s 2 or 8 days later
still : the larval and pupal periods together were about
the same as in the second generation. From 205 A 1
eggs I bred 68 male and 61 female moths, together 129,
six eripples; from 115 M 1 eggs, 85 males and 53 females,
together 88, one cripple; from 107 Z 1 eggs, 16 male
and 14 female moths, together 80, 8 of them ecripples,
and two so weakly that they died before they could be
paired : many of the Z 1’s died as larvee. The A 1’s
comprised the largest I had yet bred; I did not average
them: the M 1's (averaged by taking every alternate
one of each sex in the order of emergence) were slightly
larger than the average of the preceding generation :
the Z 1’s considerably smaller. 1 paired off 4 of the
largest couples among the A’s, 4 average couples of the
M’s, and 10 couples of the Z’s. None of the A’s or Z’s
laid a fertile egg: 3 out of the 4 M’s laid fertile eggs,
and from one of these pairs, paired 16th August, I had
210 eggs, which I bred from as follows :—

Fourth generation, M 2.—These were not only slower,
but straggled more in their feeding up and emergence
than the earlier forced generations had done. The first
spun up 23rd September; by 8th October nearly half
had done so; and on the 1st November all had done so
except two, which soon after died. Many larvee died in
pupating, and a few before. T have some reason to
think this was owing to their having been made too
hot at one time. The first moth appeared 2nd October ;
by the 3rd November 60 were out, and on the 7th the
last appeared; but 8 or 4 ave still in pupa, one or two
of them certainly being alive. 36 are males and 25
females; 3 were cripples, and 3 more died before they
were paired off. The hatching occupied about 10 days
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(eggs not in the forcing-box till the first eggs were about
to hatch), the larval period ranged from 26 to about 59
days; the pupal period seems to have been about 12
days. After the early alarm they were kept rather
cooler than the preceding forced generation had been,
as, with the advent of cooler weather, I found it difficult
to keep up a high temperature without making the
bottom of the forcing-box very hot. The average size
had again risen on that of the preceding generation.
On 23rd October I paired off 6 couples, keeping them
in the foreing-box, and 4 of them were fertile. The
largest pair laid 170 eggs (called M 2, A 1), the medinm-
sized 210 (called M 3), the smallest 80 (called M 2, Z 1).

Lifth generation.—About 86 of the first, 169 of the
second, and only 24 of the third hatched. The numbers
are now about 82, 151, and 21 respectively. I am
feeding them up on rose and evergreen homeysuckle,
and the most forward are nearly full-grown, as will be
seen by the living specimens I exhibit. I have made an
improvement in my foreing-box, so that I can keep up a
more equable temperature without danger of roasting
those which are near the cistern, and I keep it at about
70° to 80°.

ILLuNaria.—General results.—Without venturing any
opinion on many of the questions suggested by an
examination of the facts above detailed, until more
facts have been accumulated, I may advert to a few of
them. It seems to Dbe established that S. dllunwria
forces well, and there is evidence that the average size
of forced specimens is larger than that of the insects
reared on growing trees, and tends for a time to increase
from generation to generation, notwithstanding close
interbreeding. I am not satisfied that the fertility has
been diminished by the process of forcing ; butit does at
present appear as if extremes in size, especially in the
direction of smallness, have a tendency to be sterile,
and I think it prudent to sclect the breeding pairs from
some point quite short of either extremity in the scale
of size. There is another fact established as to the
summer broods of illunaria,—-all of which that I have
reared, I need hardly say, are in appearance of the
summer type, Juliaria,—viz., that, in accordance with
the usual rule with the Geometre inhabiting this
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country, the female on the average is larger than the
male, and decidedly so. This will appear clearly by the
tabular statement I refer to. My own personal expe-
rience, which is confirmed by trustworthy information
I have lately received from several quarters, is that in
the spring brood the case is reversed, so that the male is
decidedly the larger; at all events, it seems certain that
the spring female has no excess of size approaching to
what she shows in the summer brood. In this connection
I venture to call attention to the following points :(—(1),
of 272 Geometre described in Stainton’s ¢ Manual,” only
16 are recorded as appearing in the five months from
November to March; (2), illunaria in its spring emer-
gence is one of them; 3), of the remaining 15, 9 have
apterous or quasi-apterous females (there being only
two other apterous females among the 272, and these
two appear in April and October respectively); (41,
another of the 15 (H. pennaria) has the wings of the
female strikingly smaller than those of the male. Is it
possible that the relative size of the female in the spring
emergence of llunaria is a step towards the condition of
apterousness, or, it may be, a remnant of it? So
far as I have had means of judging, illustraria and
lunaria do not show such a difference between the sexes
according to the season of emergence, but their spring
broods are much later than those of illunaria, which
(unless Tephrosia laricaria (biundularic), another of the
16, of which 1 know but little, resembles 1t in this
respect), is unique among double-brooded English
Geometre in producing its early brood in a winter
month.

S. mLusTRARIA. — Mr. Barrett kindly sent me eggs
from a female taken in Norfolk in May, and My, Gulliver,
of Brockenhurst, supplied me with some larvae beaten
in the New Forest. From these two sources 1 bred
9 males and 12 females, and, though the variety in size
was not very great, I selected a large (A), medium (M),
and small (Z) pair, the eggs from which I sleeved ; and
from them I have three batches of hybernating pupe,
viz., A 116, M 103, and % 78. I reared several mixed
broods in the forcing-box, with some remarkable results,
which I hope to follow up.
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Concrupine Remarks.—I shall be very glad if the ac-
count I have given of the experiments with the Selenias,
and of the ease with which they can be bred, should
lead others better qualified than I am to take up the
subject ; and I shall be glad to supply eggs of any race
bred. The remarkable changes which the larve undergo
in appearance, attitude, and habits, so well deseribed by
Mr Poulton ; the perfection to which the imitation of
Jagged twigs lias been developed in them ; the great
variation in size of individual moths, especially in the
spring brood, and in shape; the richness and variable-
ness of shading and colour in the wings, and their
unusual positions when at rest, apart from other points
to which I have already called attention, make them a
very remarkable group, and they ought to have an
interesting family history. The experiments I am
trying with illunaria and tllustraria will leave abundant
scope for other investigators who may divect their
attention to these two species, and a very interesting
species, S. lunaria, vemains.  Tephrosia laricaria, which
1s stated to resemble illunaria in having an carly spring
and summer emergence, and in the smaller size and
different appearance of the latter brood, would also be
an interesting species to work up. As to illunaria and
tllustraria, may I suggest that practical entomologists
would be promoting the investigation by preserving any
specimens they may meet with next spring, or a fair
sample of them, for comparison with the numbers I
expect to bred 2 I should be particularly obliged by
being afforded any opportunity of seeing, and, if judged
expedient, breeding from, specimens of either species
from Scotland or Scandinavia, where they are stated to
be single-brooded, or from Ireland, Wales, or Central or
Southern Europe.

[Note as to Measurement.—1 find it is practicable,
without piercing the insect, to measure the earpansion of
wings of the chloroformed insect by setting it tem-
porarily, with cork setting-bristles, on a flat setting-
board covered with paper ruled in square millemetres,
and after trial I recommend this mode decidedly as the
more safe and certain in its vesults. The tips of the
fore wings should be as widely separated as possible, so
that the front edges of these wings will be nearly in a
straight line. |
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Pedigree Moth-breeding.

TABULAR STATEMENT OF FERTILE EGGS LAID, AND MOTHS
REARED, WITII MEASUREMENTS.

Larval

MOTHS.
. & pupal
R L st. | Smallest Diff Average period.
argest. 5 . ge. Days.
First Generation.
WiLp.
g 1 20-20*
Q 4 | 2240 | 1810 430 | 2020
5 I IR
Second Generation.
SLEEVED.
d 34 18:70 1670 2:00 17-35
? 23 | 2080 | 1630 £00 | 1824 |
90 57 | 160 | 40 | | 89 | 51
BorTLED.
d il 1870 16-60 2:10 | 17-65
Q 32 | 2070 I 1810 | 260 | 1926 |
90 | 63 200 | 150 | [ 161 | 45
Forcep.
a8 25 19-00 1590 3:10 17-54
Q 33 20-80 17-90 2:90 1345 )
o 58 | 180 [ 2:00 | I TR R (]
Third Generation.
Forcep. Al
a 68 | 19:60
Q 61 21-10 »
- 228 129 | 150 | | |30
Forcep. M 1.
g 35 l 17-88
) 53 S 1'.)-20_
115 88 | Il 2
ForcEp., Z1.
d 16 16-90 1540 1-50 16-15
? 14 | 1830 | 1560 | 270 ' 17-57
107 _ 80 | 140 20 | [ 142 | 34
Fourth Generation.
Forcen., M 2.
& 35 | 19-80 17:00 2.80 18-41
N ? 26 2()-&}0 18-20 2-70 19-40
210 61 | 110 | 120 | 99 | 52

* Average of five males taken in spring, 21-50; of five females then

taken, 19900 ; differenee in favour of male, 1:60.

tions the difference is '89 to 161 in favour of female.

ExpranarioNn oF Prate V.

The explanation of this Plate will be found at p. 128.

In all the later genera-



